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(54) Biodegradable foil 

(57) The invention relates to a foil comprising a biodegradable polymer base foil to 
-_ r , which a coating layer ptnatural material is applied, which coating layer lowers the - 
permeability of the base foil to oxygen and water vapor. The invention 
additionally relates to a process for the production of the said foil, as well as to the 
application of the same to the production of a packaging material. 



The contents of this patent are in agreement with the description, 
the claim(s), and any possible diagrams that were originally 
NLC 1006548 submitted. 
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Title: Biodegradable foil 

The invention relates to a foil comprising a base foil to which a coating 
layer is applied. 

The problems of streams of refuse, both from industry as well as from 
private households, have become a major concern during the past few decades. The 
garbage that is produced largely consists, particularly in the last group, of packaging 
materials that have fulfilled their purpose and have accordingly been discarded. These 
materials cause considerable stress on the environment. 

Different solutions have already been proposed in order to limit this stream 
of refuse. Examples of this appear in the area of waste prevention and recycling, 
among others. In addition to these two areas, the search for alternative materials has 
also received a great deal of attention as a possible solution for the problems of 
garbage. There has been considerable investment in research in this area, both inside 
research institutes and universities as well as within corporate life. 

Various new materials, which entail less stress for the environment when 
they later return there, have originated from such investigations. These materials have 
the characteristic that they are broken down into substances which are preferably 
soluble - in^wateT and are not toxic Within a relative short time. The decomposition can 
take place through hydrolytic splitting, or through the influence of light, air, water, and/or 
microorganisms which occur in nature, among others. Because of this characteristic, 
such materials are termed "biodegradable materials". 

Polymer materials that are based upon starch or lactic acid, for example, 
are examples of biodegradable materials that have sufficiently favorable characteristics 
to be able to be used as packaging materials. A number of the materials based upon 
one of these two substances are even edible for humans. One example is provided by 
trays made from a plastic on the basis of starch which are used for snacks, and which 
can be eaten after the consumption of the enclosed snack. Garbage disposal bags 
made of biodegradable material have likewise been brought into commercial trade. 

In regard to the biodegradability, the most important characteristic of these 
materials for the stated applications is tightness against fluids. Both for garbage 
disposal bags as well as for trays for snacks, it is most important for the consumer that 
the fluids inside the package continue to remain there. Other characteristics can play 
an important role in the packaging of other materials. During the packaging of various 
goods, oxygen and water vapor (liquid) must be excluded because of the sensitivity of 
the goods. In this connection, one should think of coffee, walnuts, tobacco, and the like. 

At the same time, a product such as coffee vacuum-packed in a foil of 
metallized PET, for example, has been brought into commercial trade. This foil is 
extraordinarily tight against oxygen and water vapor, so that the coffee packaged is 
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usable for months. The current biodegradable materials, however outstandingly 
impermeable to water and fluid, can not effectively withstand the gases, such as oxygen 
and water vapor, in order to keep such a product usable long enough when it is 
packaged in the same. 

»sux? — r_, -,21 — .. - . 

The invention is intended to create a foil which can be applied to the 
production of packaging materials for goods that are sensitive to oxygen and/or water 
vapor, which foil does not cause any unacceptable stress to the environment when it 
disappears into nature by way of waste recycling after use. 

The invention thus relates to a foil comprising a polymer, biodegradable 
base foil to which a coating layer of natural material is applied, which coating layer 
lowers the permeability of the base foil to oxygen and water vapor. 

It has been found, surprisingly enough, that a foil in accordance with the 
invention fulfills the objectives formulated hereinabove. A foil in accordance with the 
invention can be degraded sufficiently easily by the microorganisms that are normally 
present in nature in order to be able to return to the environment without unacceptable 
consequences. In addition, a foil in accordance with the invention has a sufficiently low 
permeability to oxygen and water vapor in order to be able to serve as a base material 
for the production of packaging materials for goods which are sensitive to oxygen and/or 
water yappr. It has been shovynJhat such types of goods- can be preserved sufficiently :„^- : 
long in a package produced from a foil in accordance with the invention. 

Suitable materials to be applied as a base foil for a foil in accordance with 
the invention include all materials that are sufficiently biodegradable to be able to 
ultimately return to the environment without unacceptable stress on nature. Polymer 
materials that are based upon starch or cellulose, or the polymerization products of 
butyric acid, isobutyric acid, or one or more cyclical esters, such as lactide, glycolide, 
trimethylene carbonate, 6-valerolactone, 0-propiolactone, or e-caprolactone, are 
outstandingly well suited for this purpose. Mixtures of the stated polymer materials are 
likewise suitable. 

In accordance with the invention, very good results are achieved with a 
base foil based on corn starch and polycaprolactone, whereby the quantity of corn 
starch amounts to 30 to 50 weight %, based upon the weight of the base foil. It has 
been found that this base foil itself already has favorable characteristics of permeability 
to oxygen- and water vapor, so that very good results are achieved with a foil that is 
obtained after coating this base foil with a coating layer of natural material, which 
coating layer lowers the permeability of the base foil to oxygen and water vapor. 

A coating layer that is applied to a base foil in accordance with the 
invention is of a natural material. This means that the material is a natural, preferably 
biodegradable, base material that has possibly undergone a number of physical 
treatments. In this connection, one should think in terms of purifying actions. In certain 
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cases, the material might likewise have undergone a simple chemical treatment, such 
as an esterification or a hydrogenation. During such a chemical treatment, it is also 
usual to obtain a material that can likewise be obtained from nature, but which has 
another level of availability, however. .. _ 

The natural materials that come under consideration for use for a coating 
layer in accordance with the invention are preferably selected from the group consisting 
of resins, natural polyesters, gelatin, hydrocolloids, fats, seasoned fats, and waxes. 
These materials are easily available and processable, and also have the characteristics 
that are desired for the invention. The materials selected from the group consisting of 
shellac (also termed "gumlac"), bee's wax, carnauba wax, candelilla wax, tallow, and 
seasoned fats on the basis of triglycerides are particularly suitable natural materials for 
use in the application of a coating layer to a base foil in order to obtain a foil in 
accordance with the invention. 

The permeability of the base foil to oxygen and water vapor are lowered 
by the presence of the coating layer. Within the context of the invention, the oxygen 
permeability is defined as the quantity of oxygen that passes through 1 square meter of 
material with a thickness of 70 um at a temperature of 23°C and a relative humidity of 
50% within 24 hours. The determination of oxygen permeability can be measured by 
means of an Ox-Tran device. This device can be obtained from the company Mocon 
(Minneapolis, Minnesota, USA). - ' - • ; ' '• - 

There is understood by "water vapor permeability" the quantity of water 
vapor that passes through 1 square meter of material with a thickness of 70 um at a 
temperature of 23°C and a relative humidity of 70% within 24 hours. One suitable 
technique for the determination of water vapor permeability is the Patra method, which 
method has been described by Eng. P. Bange in "The measurement of the W.D.D. of 
packaging material" [/in Dutch/] in the journal "Verpakking" [/= "Packaging"/], April 1952, 
pages 34-344. 

In one preferred form of implementation, the invention relates to a foil 
comprising a biodegradable polymer base foil to which a coating layer of natural 
material is applied, which coating layer, with a thickness of the foil of approx. 70 um, 
lowers the permeability of the base foil to oxygen and water vapor, whereby the oxygen 
permeability is not greater than 100 ml/m 2 within 24 hours. It has been found that a foil 
in accordance with this preferred form of implementation is particularly well suited for 
the production of a packaging material in which goods sensitive to oxygen and/or water 
vapor can be preserved for a very long time. It should be clear that the storage life of a 
product packaged in a material made from a foil in accordance with the invention can be 
optimized by selecting a suitable thickness of the foil. 

In accordance with another preferred form of implementation of the 
invention, the coating layer that is applied to the base foil also comprises a filling 
material. Some suitable filling materials are colloidal silica and mica. 
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Colloidal silica is a solution of spherical silica particles in water, which 
particles all have approximately the same size. The concentration of silica in the 
colloidal silica solution preferably amounts to between 15 and 45 weight %, based on 
the weight of the coHoiclal silica solution. It has been, found that the presence of 
colloidal silica has a favorabTe influence on the permeability characteristics of a foil. 

Mica is a mineral with a plate-like crystal structure. A ground mica with a 
small particle size, such as Mica M or Silk mica, is preferably used. The particle size 
preferably lies below 50 urn, particularly preferably below 15 urn. 

The production of a foil in accordance with the invention is carried out by 
coating a biodegradable polymer base foil with a layer of natural material that is to be 
brought in contact, through the base foil, with an emulsion or a solution of a natural 
material at a temperature between 10 and 50°C, with subsequent drying. 

The bringing of the base foil into contact with an emulsion or a solution of 
a natural material can be carried out in any appropriate manner, such as by means of 
brushing, for example. For an application by brushing, a base foil should be stretched 
on a fixed background. The application by brushing itself can be suitably carried out by 
means of a palette knife, or in another manner known to the technician in the area. 

The natural material- isFpreferably applied in the - form of an emulsion" in 
water. Overall, the emulsion should contain 10 to 30 weight % natural material relative 
to the weight of the emulsion. It is important for the emulsion to have a suitable 
viscosity in order to be able to be easily processed. If the emulsion has too low a 
viscosity, then it flows too much and is difficult to dose. If the viscosity of the emulsion 
is too high, then it flows too little and is difficult to apply. Given a specific natural 
material that is used in order to coat a base foil, the technician in the area should be 
able to determine a suitable viscosity. 

An emulsifier can possibly be used in order to obtain a stable emulsion. 
Some emulsifiers that have proven to be suitable are glycerol monooleate, stearic acid, 
potassium hydroxide, oleic acid, and mixtures of the same, for example. The quantity of 
emulsifier relative to the weight of the emulsion should generally lie between 0.5 and 10, 
preferably between 1 and 5 weight %. 

In specific cases, it is advantageous to apply the natural material in the 
form of a solution. A non-aqueous solution is preferably applied. Some suitable 
solvents are, preferably, low molecular alcohols, such as ethanol. The concentration of 
the solution is generally selected in such a manner that a solution contains 15 to 45 
weight % of natural material, relative to the weight of the solution. It has been shown 
that a foil is obtained with very good characteristics upon the use of a non-aqueous 
solution for the application of a coating layer. 
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If colloidal silica are used, then these should usually be present in a 
quantity of 10 to 35 weight % relative to the weight of the emulsion or the solution. If a 
mica is used, then the quantity of mica that is present in the emulsion or the solution 

should- mostly amount to between-4 : -and 18, preferably between 5 and 15 weight -%r^ 
relative to the weight of the emulsion of the solution. 

The bringing of the base foil incontact with the natural material takes place 
at a temperature of between 10 and 50°C. It has been found that the danger exists that 
the base foil will soften at higher temperatures, which has the result of a worsening of 
characteristics. 

Finally, the base foil to which the natural material is applied is dried in 
order to remove the solvents or the fluid of the emulsion. The drying can be carried out 
in any appropriate manner. One possibility is formed by drying in the air. 

A foil in accordance with the invention is particularly suitable for use in the 
production of packaging materials for the packaging of materials that are sensitive to 
oxygen and/or water vapor, such as walnuts, coffee, or tobacco. Such types of 
substances in packagings made from a foil in accordance with the invention have a 
sufficiently long sen/ice life. In addition, the packagings can be broken down in the 
environment in a natural manner once they have been discarded^ In order to obtain a 
satisfactory storage life of the packaged good, a foil should have "an overall thibkness of 
10 to 150 urn, preferably 25 to 100 prh, if the foil needs to be used as a base material 
for a packaging material. 

The invention will now be explained by means of the following examples. 

EXAMPLES 

A foil on the basis of 40 weight % of corn starch and 60 weight % 
polycaprolactone, relative to the weight of the base foil, is used as the base foil 
(available from the company Prottera). This base foil had a thickness of approximately 
50 urn. The foil is stretched, with the help of an adhesive band, on a sheet of plate 
glass with an underlaid pad Of folded cardboard (white, coated Oh one side with 230 
grams per square meter). 

Different emulsions and solutions have subsequently been prepared for 
the application of a coating layer. In this connection, the compositions of the emulsions 
and solutions are stated in weight %, relative to the total compositions. 
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Example 1 



Prifat no. 9833 n 21.6% 

Glycerol-monooleate 2.2% 

Oleic*aeid 4.3%"^-^ - ™ - 

Potassium hydroxide 0.9% 

Water 71.1% 

Example 2 

Shellac n 43% 

Ethanol 57% 

Example 3 

Shellac 30% 

Ethanol 40% 

Silica**") 30% 

Example 4 

Shellac 38% 

Ethanol 50% 

Mica M . ----- j - 12% . -." 



(*) Prifat no. 9833 is an animal fat that can be obtained from the firm Uni Mills in 

Zwijndrecht, and has a melting point of 57-61 °C. 
(**) "Refined Bleach Shellac", which can be obtained from the company Mantrose, is 

used as shellac. 

(***) A colloidal silica solution with a concentration of silica of 30 weight %, relative to 
the weight of the silica solution, is used here as a silica. 

The different coating layers are applied by repeatedly stretching a portion 
of the base foil with an applicator which is suitable for applying a layer with a thickness 
of 50 |jm and loaded with the various and solutions. The temperature is thereby 35°C. 

The foils thus obtained are dried in the air and investigated for the 
permeability to oxygen and water vapor with Ox-Tran and Patra- methods, as the case 
may be. The results are presented in Table I below. 
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Coating layer 


Water vapor permeability 

_ ; „.(.ml/m 2 per_24 hours) 


Oxygen permeability 

^mJZm 2 per 24 hours) 


None 


123 


504 


Example 1 


22 


159 


Example 2 


8 


118 


Example 3 


18 


67 


Example 4 


8 


27 
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CLAIMS: 

1 . A foil comprising a biodegradable polymer base foil to which a coating layer of 
natural material js appjied, which coatin g layer lowers the permeability of the 

basrfofr to"oxy^t«'arid^a1(^'Va7^^-^ f -" ' 

2. A foil in accordance with claim 1 , whereby the oxygen permeability is not greater 
than 100 ml/m 2 per 24 hours at a thickness of the foil of approximately 70 urn. 

3. A foil in accordance with one of the preceding claims, whereby the base foil is 
based on starch, cellulose, or a polymerization product of butyric acid, isobutyric 
acid, or one or more cyclical esters, or a mixture thereof. 

4. A foil in accordance with claim 3, whereby the base foil is based upon corn starch 
and polycaprolactone, whereby the quantity of corn starch amounts to 30 to 50 
weight %, based upon the weight of the base foil. 

5. A foil in accordance with one of the preceding claims, whereby the natural 
material is selected from the group consisting of resins, natural polyesters, 
gelatins, hydrocolloids, fats, seasoned fats, and waxes. 

..i:. ;■?=■- 6. A foil in accordance with claim 5, whereby the natural material is 7 £ele1cted from 
the group consisting of shellac, bee's wax, carnauba wax, candeliila wax, and 
seasoned fats on the basis of triglycerides. 

7. A foil in accordance with one of the preceding claims, whereby the coating layer 
likewise includes a filling material. 

8. A foil in accordance with claim 7, whereby the filling material is colloidal silica or 
mica. 

9. A process for the production of a foil in accordance with claim 1 to 8, whereby a 
biodegradable polymer base foil is coated with a layer of natural material by 
bringing the base foil into contact with an emulsion or a solution of a natural 
material at a temperature of between 10 and 50°C and is thereupon dried. ' 

10. A process in accordance with claim 9, whereby the base foil is brought into 
contact with an emulsion. 

11. A process in accordance with claim 10, whereby the emulsion includes an 
emulsifier. 
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12. A process in accordance with claim 11, whereby the emulsifier is selected from 
the group consisting of glycerol monooleate, stearic acid, potassium hydroxide, 
oleic acid, and mixtures thereof. 

. , : .- ± The application of a foil in accordance with claim T to B^foTtfi^e prOducfion of a 

packaging material for the packaging of materials that are sensitive to oxygen 
and/or water vapor. 
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